Proficiency testing (PT) schemes seek to improve and maintain consistency in asbestos fibre counting by circulating mounted samples to laboratories, which return counts for comparison with consensus reference values. This study compares the level of these consensus values in three (Spanish, Belgian and UK) national PT schemes. It also assesses the effect of the imminent change in the European standard rules for counting asbestos fibres, to the new rules from the World Health Organisation (WHO), which will include more fibres. Forty samples from the three schemes were circulated to six laboratories, two in each national scheme. The UK and Spanish laboratories counted using both the ERM and the WHO method. Belgian laboratories already use the WHO method, and they counted only by this method. Densities from counts in this sample exchange served as a common basis against which we compared the national reference values (R). This produced a geometric overall mean ratio of R to exchange mean density of 0.94 for the UK scheme, 1.01 for the Spanish and 0.97 for the Belgian scheme, and thus indicated remarkably similar levels. Nevertheless, non-trivial systematic inter-laboratory differences confirmed the need for regular PT and international inter-laboratory comparisons. Examination of previous data from the national PT schemes and from an international scheme (AFRICA) provided further comparisons for the same laboratories (either comparing the laboratory's data with R values or making direct comparisons between laboratories) that are consistent with those from this special exchange. The change in fibre counting rule (to include fibres apparently touching particles with diameter >3 mm) produced mean increases in reported densities that ranged among samples from 0 to 70% (highest individual estimate 170%); the effect was broadly similar for the three schemes. The laboratories gave mostly similar estimates of percentage increase; however, one laboratory occasionally produced high estimates indicating a possible need for training for using the new method.
INTRODUCTION

Background
The measurement of airborne asbestos fibre concentrations involves the counting of fibres collected on filters and mounted on glass slides, by phase contrast microscopy following a European standard method (HSE, 1995) . Variation arises in the results because only a sample of the filter area is examined, but this variation tends to be small in relation to other factors such as the proficiency of the analyst in discerning fibres that may be only just visible, and whose visibility may depend on fine adjustment of the focus of the microscope. Such variation has been shown in exchanges of samples between laboratories (e.g. Beckett and Attfield, 1974; Crawford and Jones, 1980; Carton et al., 1981) . To help control and contain operator-related variations, many laboratories that undertake counting of fibres participate in proficiency testing (PT) schemes. Laboratories assess standard slides, and their results for each slide are compared to a reference value. Typically, the reference value for each slide is a consensus value based on data generated by the laboratories within the PT scheme.
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Many countries now operate such a PT scheme at a national level (e.g. as described in Crawford and Cowie, 1984; Schlect and Shulman, 1986; Arroyo, 1990 Arroyo, , 1991 Kauffer, 1990 Kauffer, , 1992 and the reference values for each scheme are based on counts produced nationally. While these schemes have demonstrably brought the performance of laboratories closer together nationally, less attention has been paid to possible variation in counting levels between countries. There have been some limited international exchanges of samples (e.g. Walton et al., 1976; Crawford and Cowie, 1992) , and there are ongoing regular international comparisons, such as the Asbestos Fibre Regular Informal Counting Arrangement (AFRICA) operated by the Institute of Occupational Medicine (IOM) and whose participants include some laboratories that organize national PT schemes Brown and Jones, 2001 ). However, the AFRICA exchange gives only a picture of comparability between a few key laboratories. The counting levels in the AFRICA exchanges have been compared with those in one participant's national PT scheme (Arroyo and Rojo, 2001) .
There is an increasing awareness that fibre counting performance should be harmonized internationally. Arroyo and Rojo (2001) have suggested adjustments to the national criteria for satisfactory performance to make them more consistent in their stringency. Those suggestions relied on two assumptions: that the variability in counting is essentially common to all laboratories (more specifically that there is no reason to suppose that it should differ between countries), and therefore the risk of failure to meet the criteria should be made equal in all national PT schemes; and that the target counting levels, i.e. the reference values, are consistent between national schemes.
However, the equivalence of the reference values is, as yet, unproven.
In this study, we examined the comparability of reference values for a selection of slides from three national fibre counting PT schemes, by circulating them for assessment by two representative laboratories from each scheme. The schemes that participated were the UK Regular Interlaboratory Counting Exchanges (RICE), the Spanish Programa Interlaboratorios de Control de Calidad de Fibras de Amianto (PICC-FA) and the Belgian scheme.
Another issue for harmonization is the adoption of uniform rules and definitions for performing the assessment. In the near future, in the UK and Spain, laboratories will change from using the current European Reference Method (ERM: see MDHS 39/4, HSE, 1995) to the WHO all-fibre counting method (WHO, 1997) . Fibres appearing to touch particles (with diameter >3 mm) are excluded under the current method but included under the new method, which should increase counts on slides that include particulate deposits, and may decrease variability caused by uncertainities in deciding whether a fibre appears to be touching a particle. Belgium is, in effect, already using the WHO method for asbestos fibre counting.
Objectives
The main objective of the current study was to compare the target counting levels being set in three national PT schemes for asbestos fibre counting, by circulating 40 reference slides, drawn from the three schemes, to six laboratories (two from each national scheme). By comparing their counts with each other and with the reference counts, we aimed to: compare the levels of national reference values on asbestos samples; and assess any influence of sample type or origin on international agreement.
The study also evaluated the extent to which the change to the new WHO rules affected the counts on these 40 reference samples, with the results being examined to identify any dependence on either the slides (from the three national schemes) or the laboratories.
THE NATIONAL FIBRE COUNTING PT SCHEMES
General characteristics of the schemes The three national PT schemes for asbestos fibre counting operate under similar general principles. In each scheme, batches of samples are circulated to groups of laboratories. Laboratory performance is classified on the basis of $30 slides: 32 slides in the UK and Spanish schemes (Arroyo and Rojo, 2001) , and 30 slides in the Belgian scheme. Classification as satisfactory depends on 75% of counts being within target ranges for each sample (e.g. within the range 0.65-1.35 times the reference value for the Spanish scheme). There are differences in the organizational arrangements, but these should have little influence on the comparability of the schemes.
In the UK, the RICE scheme has been operating for almost 20 years and had (at the time when this exercise was undertaken) completed nearly 60 circulations (of batches of eight reference samples), and its membership stood at 190 laboratories. At its peak, membership had been as high as 320 laboratories, but a pattern of consolidation into larger laboratories has led to fewer laboratories but almost the same number of analysts. In the RICE scheme, reference values (expressed as a density of fibres on the sample, in fibre mm À2 ) are calculated as the median of the densities from at least 15 counts from RICE laboratories.
In Spain, the PICC-FA scheme has been operating since 1988. At the time of this exercise, it had completed 28 circulations (with sets of 16 to 20 samples) and its membership stood at $25 laboratories. Reference values are calculated as means of the densities from all available counts returned by the member laboratories, after exclusion of outliers; i.e. a trimmed mean. This calculation procedure produces values close to the median.
In Belgium, the national scheme has been operating since 1988 and, at the time of the exercise, had completed 42 circulations (of batches of 10 slides). Membership stood at $25 laboratories. The final reference values are medians of the densities from counts from all the laboratories in the scheme.
The number of counts used to produce a reference value is of the same order: at least 15 (for the UK and Belgian), generally $25 for the Belgian and Spanish, and sometimes many more than 15 (e.g. $60 counts) for the UK RICE samples.
Main distinguishing characteristics of the national schemes
Reference values. In the Spanish and Belgian schemes, laboratories are given immediate interim feedback based either on target values estimated for each slide or on comparison with the data for other laboratories in their group. Only at the end of each year, after all the samples have been counted by every laboratory, are the final reference values calculated and the final calculations made to assess the performance of each laboratory. In contrast, in RICE all the samples have final reference values and the immediate feedback is based on these final reference values. Information based on the final reference values may be more helpful to participants (e.g. in enabling them to take appropriate action earlier), whereas the other system enables new samples (with limited initial data) to be used as test samples.
Given the differences in sizes of the schemes, there are inevitably some differences in the way that reference values are derived from the returned data. Reference values are derived for the larger RICE scheme from subsets of the participating laboratories, whereas in the smaller schemes they are derived from counts from all the laboratories. Each subset (of $10% or more of the RICE laboratories) may have some bias in their counting level compared with the overall average, and that would be a factor to consider if we seek to establish the equivalence of the performance criteria, but the average level of reference values (over the 16 samples in this exchange) would be a good estimate of the average for the whole population of RICE laboratories.
Reference slides and target ranges. The UK (RICE) scheme has samples with a wide range of densities, from 0 to >600 fibres mm
À2
. The Spanish scheme has mostly samples with density >64 fibres mm À2 . The Belgian scheme has mainly lower density samples; the Belgian samples in this exercise all had density <200 fibres mm
. The samples in this exchange from the Spanish and UK schemes are also typical of the range of densities in those schemes.
Where the sample densities are high, counting stops at a fixed number of fibres (100 fibres) and then the variation (in estimated densities for a given sample) is expected to be approximately constant on a log scale and therefore the target ranges are expressed as proportions of the reference density. At lower densities (<64 fibres mm À2 ), the counting stops at a fixed number of fields (200) and as a consequence the variation in the estimated densities is expected to be approximately constant in the scale of square root of density, and therefore the target ranges are defined in terms of proportions of the square root of the density.
Performance criteria. The criteria, in the three national schemes, for assessing the performance of participating laboratories are similar in that all three require 75% of counts (on 32 or 30 samples) to be within defined target ranges around the reference value (R). These target ranges at present differ between the national schemes: 0.65-1.35R (Spanish PICC-FA); 0.67-1.67R (Belgian); and 0.5-2.0R (UK RICE) (Arroyo and Rojo, 2001 ).
METHODS
Inter-scheme sample exchange
The inter-scheme sample exchange was conducted during 2002. Forty reference samples were provided by the three national schemes, and were combined into four batches containing approximately equal mixes of samples from each scheme. The four batches of 10 samples were circulated to and counted by the six laboratories and their counts were returned to the IOM.
Initially, all the samples were counted at IOM. For each field of view, (i) the fibres meeting ERM rules were counted, and (ii) the extra fibres included under WHO rules were counted before moving on to the next field of view. This gave a direct indication of the difference in count on the same fields. These initial counts were produced on fewer fields (30) than would be normal for standard counting rules, and are referred to as 'screening' counts to distinguish them from counts on the full number of fields. The consistency of the data from these screening counts with normal counts from the same laboratory was examined (as described in Appendix 1) before the screening counts were included in the main analysis.
For the exchange, laboratories were asked to count the samples in the same way that they would count samples in their own national PT scheme. This was intended to produce counts that would be comparable with those produced in the national PT schemes.
The core of the design was that every laboratory would produce at least one count on every sample by its normal counting method. In addition, those laboratories that currently use ERM would produce estimates of the number of extra fibres that would be counted under WHO rules. The two laboratories (the Belgian laboratories) that already routinely use the WHO methods did not attempt to produce ERM counts. In some laboratories, more than one microscopist counted each slide, but the selection of microscopists was not specified under the study design and was decided on site (as normally occurs in commercial practice). Table 1 summarizes the numbers of counts produced by each laboratory, by each method. The main features are noted and explained below.
The Belgian laboratories, as they already use WHO counting rules, produced counts only by that method, either one count per sample (Belgian lab 1) or three counts per sample (Belgian lab 2). The UK and Spanish laboratories currently use ERM rules but expect to change over to WHO rules within the next couple of years. Therefore, they produced ERM counts on all samples, and in some cases more than one ERM count per sample. These four laboratories also produced WHO counts, but with the following variations. ¡ The IOM produced WHO counts as part of the screening counts, as described above. ¡ HSL produced ERM and WHO counts on the same fields (i.e. for each field, the fibres under ERM rules were counted and then the additional fibres countable under WHO rules were counted before moving onto the next field) for three batches (30 samples), but then produced WHO and ERM counts as separate counts for one batch (10 samples).
¡ Spanish lab 1 produced WHO counts on 20 samples (counting ERM fibres and extra WHO fibres on the same fields), and two ERM counts on all samples, and hence a total of 100 counts on the 40 samples. ¡ Spanish lab 2 produced an ERM count and a WHO count on each sample on the same fields.
The numbers of analysts producing the counts varied between laboratories:
A single analyst produced all counts in two laboratories (HSL and Spanish lab 2), and the 'screening' counts at IOM. Counting was shared among several analysts at the other four laboratories, ranging from 14 analysts (Belgian lab 2) to four analysts at (IOM) and two analysts at each of the other two laboratories (Spanish lab 1 and Belgian lab 1).
Samples
The samples supplied from the national schemes comprised from the UK (RICE) scheme: ¡ Eight samples obtained from either asbestos removal or clearance testing, with mostly amphibole asbestos fibres being reported, and (national reference) densities between 7 and 70 fibres mm À2 for all but one sample with a value of 135 fibres mm À2 ;
¡ eight samples containing chrysotile from the asbestos textile industry and with (national reference) densities ranging from 89 to 509 fibres mm À2 ; from the Belgian schemes: ¡ Eight samples supplied by participants without specification of the origin but understood to come from clearance sampling, sampling around enclosures or near entrances to enclosures, exposure measurement during maintenance work on materials containing asbestos and similar activities; from the Spanish PICC-FA scheme, ¡ sixteen samples obtained by sampling from airborne dust generated by a fluidized bed aerosol generator (TSI) loaded with asbestos cement dust.
Data analysis
Analysis of data from fibre-counting exercises needs to take account of the fact that the estimated densities differ in precision, for multiple reasons. If the fibres were distributed on a slide at random and there was no subjective error in the counting process, then the variation in the counts would be expected to follow the Poisson distribution. However, the rules for deciding how much of a slide to assess also affect the precision of the result. Miller (1984) noted that, where counting was stopped at a constant number of fibres, precision would be approximately constant if densities were compared on the log scale. At lower densities, where counting would continue to a fixed number of fields, the log scale would be expected to overcompensate somewhat. In practice, densities estimated by phase-contrast microscopy tend to show more variation than those implied by the Poisson distribution, but by observation the log transform still works well to standardize variation. Therefore, we have based simple summary comparisons within this paper, particularly in graphic presentations, on comparisons of means of log values, which yield geometric mean ratios on the scale of measurement. We use graphical comparisons, with geometric means, to relate the three national scheme reference values to the density estimates from the exchange and thus infer how they compare with each other.
For the formal statistical analysis, the imbalance (evident from Table 1) in the data set, was accommodated by fitting a generalized linear model (McCullagh and Nelder, 1989 ) that was appropriately customized. Adaptation of this model to densities from fibre counting assumes that the random variation is proportional to Poisson variation, with a constant of proportionality >1.0 to be estimated from the data, and that systematic differences can be described as ratios, i.e. constant or linear on the log scale (Miller, 1984) . Results are weighted in the analysis in proportion to the area of the slide examined. Fit of the model is quantified by deviance, which is a generalization of a weighted sum of squares, and the statistical significance of terms added to the model is judged by the ratios of mean deviances, which follow approximately F-distributions with the appropriate degrees of freedom. A term which explains little of the variation in the data will have a mean deviance close to that for the unexplained residual. The order of fitting terms can affect, sometimes considerably, the mean deviance accounted for by a term, since each term fitted is adjusted for all those already in the model. An analysis of deviance is thus a generalization of the analysis of variance for standard linear models in an unbalanced data set. We use the formal analysis of deviance to establish and assess the factors that may influence the observed relationships.
RESULTS
Comparison of reference values
Each national scheme has reference values assigned to its samples that are consensus values from the counts produced within that national scheme. The main purpose of this study was to compare the relative levels of reference values in the three national schemes, and we seek to do that by comparing them to the density estimates produced in this exchange. If there were any important differences between the national scheme reference values for the Spanish, Belgian and UK schemes, then that should show up as a difference in their relationship with counts made by a common group of laboratories.
As the UK and Spanish samples have national scheme reference values based on ERM counts, those national scheme reference values (R) are compared to the ERM counts made in the exchange. The Belgian scheme national reference values are based on WHO counts and therefore are compared to densities from the WHO counts in this exchange.
In Fig. 1 , the national scheme reference values are plotted against the individual estimates of density from this exchange, and against the geometric means of the density estimates for each slide. Each slide has one national scheme reference value. There are between one and three counts from each laboratory on each sample, with the symbols identifying each laboratory. In accord with previous experience, the spread in density estimates is approximately constant on the log scale. The individual counts mostly lie within a factor of 2 of the diagonal line denoting equality, and the variation appears broadly similar in the three graphs.
The geometric means cluster very closely around the line of equality. The mean ratio of the national reference value (R) to the geometric means is plotted as a solid line, and in each case is almost coincident with the dotted equality line.
The national scheme reference values for the UK (R UK ) and for Spain (R Sp ) relate to the geometric mean densities (D GM ) from the ERM counts in the exchange:
These indicate that the UK and Spanish national scheme reference values are very similar to the geometric mean of the densities from the ERM counts in this exchange, and the two mean ratios differ from one another by only $5%. For the Belgian samples, there are WHO counts from all six laboratories (whereas the ERM counts were produced by just four laboratories, the Spanish and the UK laboratories). Every Belgian sample had the following WHO counts: one count from each of four laboratories (the two UK laboratories, Spanish lab 2 and Belgian lab 1); and three counts from the second Belgian laboratory.
Four of the samples also had a WHO count from Spanish lab 1. Thus, each sample had either seven or eight WHO counts.
We compared the WHO national reference values (for the Belgian samples) with geometric means of the densities from WHO counts in the exchange using primarily the data produced by the same four laboratories that had produced the ERM counts for the Spanish and UK samples. These results are shown in Fig. 1 . We also examined the data with inclusion of the counts from the two laboratories in the Belgian scheme. This produced very similar estimates of the relationship between national reference value and densities from the exchange, and those results are shown in Appendix 2.
Based on the WHO counts from the four laboratories that contributed counts to the ERM comparison (i.e. the Spanish and UK laboratories),
Table 2 summarizes these mean ratios relating the reference values for all three national schemes to the appropriate ERM or WHO count geometric means. All the mean ratios are very close to 1. Furthermore, the three different bases for the mean ratios for the Belgian scheme samples might have substantially affected the results, but actually made very little difference. Inter-laboratory differences Table 3 summarizes the results of an analysis of deviance carried out on the returned density estimates. ERM and WHO counts were analysed separately.
Statistical theory tells us that, if the counts of fibres in separate fields of view are distributed as Poisson, then, after systematic sources of variation are accounted for, the residual mean deviance has an expected value of 1.0. Typically, for fibre counting data, we observe residual mean deviances between $2 and 9 (Miller, 1984) , and the results in Table 3 are in line with this expectation. This suggests some overdispersion in the counts, due partly to the choice of microscopist within laboratory, and partly to random variation e.g. daily fluctuations in a counter's performance. Although the identity of the microscopist was recorded for each assessment, which gives scope for some investigation of the operator variation, we include that as part of the normal within-laboratory variation.
In Table 3 , the 'origin' and 'slide' terms for the densities reflect the known range of density between individual slides and between groups of slides from the three different origins (schemes).
The 'lab' term is large enough to indicate that there were non-trivial differences in counting level between these laboratories, whereas the terms for the interaction between laboratory and origin, or laboratory with slide, have much smaller deviance ratios than the lab term, suggesting that the relative level of the laboratories was not greatly affected by the source of the samples. This was confirmed when the geometric mean density (across slides) for each lab was calculated, for slides grouped by origin and for all slides, giving the results in Fig. 2 . The laboratories' levels, relative to each other, did not appear to depend on the origin of the slide. Table 3 also shows (in the rows in italics) the mean deviance associated with systematic differences between microscopists within laboratories and the remaining residual [residual (2)]. This mean deviance for microscopists was less than twice that of the remaining residual for ERM counts, and just over four times the residual for the WHO counts, suggesting some systematic differences between counters within laboratories. However, in routine fibre counting, differences between microscopists are not adjusted for, and hence form part of the measurement error. Therefore, in what follows, microscopist differences are not identified explicitly, and other effects are compared with the residual (1) that includes microscopist effects.
The residual mean deviances were only slightly different between ERM and WHO methods.
Laboratory counting level relative to reference densities
Since the study's primary aim concerns the relationship of the national reference density to the densities produced by the laboratories in the exchange, it is natural to analyse the ratio of the laboratories reported density to the reference density. The counts in the exchange need to be compared to reference values for the same counting method (WHO for the Belgian samples, ERM for the Spanish and UK samples).
The mean ratios are summarized in Table 4 . For the WHO counts, there are results for six laboratories, and here the range between highest and lowest ratios is greatest (0.86-1.44), with the highest value being for a laboratory that normally uses the ERM method. This high value (1.44) compares with ratios of 1.06 and 1.10 for the laboratory that counted by ERM, so it might be associated with the change rather than the normal laboratory performance. For the ERM counts, the spread in ratios between laboratories was very similar for the Spanish and UK samples.
Fibre-counting method
The counts, by ERM and WHO methods, were compared to assess the difference attributable to the counting method. We examined the extent to which the effect: was consistent between laboratories; varied between samples, and in particular: ¡ depended on sample density; ¡ depended on either the sample source (Spanish, Belgian or UK) or sample type (asbestos cement, textile or clearance/ removal). Table 1 summarizes the number of counts made by each laboratory; and the details are described in the Methods section. The ratios of WHO density to ERM density for each of the 40 samples are shown in Fig. 3 , as geometric means, individual counts and range bars.
For many samples, the results for different laboratories are so closely grouped as to be difficult to distinguish in Fig. 3 . However, Spanish lab 2 appeared to produce a higher share of the high ratios. This was confirmed by taking geometric means over all samples counted by each laboratory (Table 5 ). The mean ratios for samples from each scheme (1.28, 1.20 and 1.14) suggest that if these samples are representative of the overall stock of each of the schemes, then the change in rule would have a similar average effect (on counts) for each scheme.
In Fig. 3 , there is no strong dependence on density of fibres on the filter (on average or for any individual laboratory); except that a low density sample (at 9 fibres mm À2 ) showed the highest estimate of percentage increase, and a wide range of results. Such variability might arise from the few fibres being counted at that density ($15 fibres in 200 fields).
The ratio is expected to vary from sample to sample because (i) a change can occur only if a sample has particles with diameter >3 mm, (ii) chance overlap of fibre and particles becomes increasingly likely with more particulate on a sample (as described by Iles and Johnston, 1983) and (iii) the particulate content was variable among samples. The geometric standard deviations (in Table 5 ) reflect the differences in average ratios between samples. Figure 3 shows the range of individual estimates and the mean estimate of the ratio for every sample.
Level of the participating laboratories in their own national PT scheme Having compared the counts made by each laboratory with the national reference values (Table 4) , we examined the extent to which the level of counts in this exchange was consistent with each laboratory's own counts in the recent data from the national schemes. (Each national scheme provided data for its two laboratories.) The number of samples counted by each laboratory per year in the national scheme data ranged from 10 to 16 for the Spanish laboratories, $25 for the Belgian laboratories and $30 for the UK laboratories. In this exchange, the laboratories counted 16 Spanish PICC-FA samples, eight Belgian samples and 16 UK RICE samples. Ratio WHO to ERM Geometric means and geometric standard deviations (GSD) from specified numbers of samples. (The GSD is an indication of the spread of the distribution, on the multiplicative scale). n s , number of samples; n c , number of samples counted. Figure 4 plots the geometric mean of the ratio of the laboratory's counts to national scheme reference values in previous years of each national scheme, and also the corresponding value for the samples (from its own national scheme) in this exchange. The results show that the counts in this exchange are generally consistent with the level of counts made previously in the national scheme exchanges. The within-laboratory variation from year to year is of similar magnitude to the variation from the level of the counts in this special exchange. For example, the Belgian laboratories, counting just by their normal method, show some variation from year to year, such that their levels in the exchange appear to be within that variation. The Spanish laboratories, counting by the modified procedure (of concurrent ERM and WHO counts) in the exchange, showed relatively little variation from year to year, and were remarkably consistent with their levels in the exchange counts. Thus, in most cases, it appears that the use of the special counting procedure (to produce both WHO and ERM counts) did not influence the level of the counts substantially.
ERM mean density/fibres.mm
Consistency with data from the international (AFRICA) scheme
Three of the laboratories in the exchange participate regularly in an international fibre counting comparison scheme operated by IOM, AFRICA. The participants in that scheme are asked to count the samples by their normal methods, and the guidelines for 'satisfactory' performance are 75% of counts within the range 0.5-2.0R (for samples with density above 63.5 fibres mm À2 ), where R is the reference value derived as the median of (a minimum of 15) previous counts on the sample. For lower density samples, the limits are constant on the scale of square root of density; and this gives a wider range on the original scale at the lower densities. All the counts (in Fig. 5 ) are within these bounds. The densities from the Belgian laboratory, being produced by the WHO counting method since 1999, appear somewhat higher than those from the other two laboratories. Figure 5 shows all the counts made in the AFRICA scheme by these three laboratories over the past 4 years.
DISCUSSION AND CONCLUSIONS
Comparability of the national reference counts
The main aim of this study was to compare the relative levels of the consensus reference values of the national fibre counting proficiency testing schemes in Spain, Belgium and the UK. In principle, consensus reference values produced by separate groups of laboratories could be very different. These groups have not been completely isolated due to the existence of regular international counting comparisons involving some of these laboratories in the AFRICA scheme, and therefore we started this exchange with the expectation that huge differences would be unlikely but important differences could be possible. If the levels of the reference values are consistent, then, since they are consensus values, it implies that the counting levels are broadly consistent across national schemes.
This study is, we believe, the first time that national fibre-counting PT schemes have provided a pool of their reference samples for circulation around a representative group of laboratories from the schemes, and that attempts have been made to compare counting levels in this way. We have used the counts produced in this exchange on 40 representative slides to provide a common basis against which to compare the national PT schemes' reference values. There are, of course, uncertainties in using this data as the basis for comparison, including the inherent variation in all fibre counts and the systematic differences between the laboratories participating in this exchange. Fortunately, the systematic inter-laboratory bias remained fairly constant across slides of different density and origin (Spanish, Belgian, UK).
It was necessary to look at the subset that comprised data from the four same laboratories for all three schemes, as only four of the laboratories (the Spanish and the UK laboratories) currently use the ERM method. We used these four as a common basis for comparing the reference values for all three schemes. However, for the Belgian samples, with reference counts produced by the WHO method, we also examined whether the picture would change substantially if the analysis included counts by all six laboratories, in order to include the Belgian laboratories' counts. This produced only a relatively minor effect on the comparability.
The counts in this exchange were produced by a special method by four of the labs, with ERM and WHO counts being produced concurrently on the same fields. It is well recognized that the use of special counting methods may affect variability or counting level (e.g. Kenny et al., 1983) . Therefore it was very useful to confirm (Fig. 4) that the level of the ERM counts generally appeared consistent with the level of previous counts in the national PT schemes over recent years. However, the normal level of the future counting by WHO method for these laboratories can only be known after they routinely use the WHO method. Nevertheless, the consistency in the ERM counting level is a reasonable ground for assuming that their future WHO counting is likely to be consistent with the present WHO count data. However, there will be a need to monitor the comparability after the WHO method has been adopted as the routine method in the UK and Spain, to check that assumption.
The present results are of course based on data from only a limited number of samples from each scheme (e.g. 16 from the RICE scheme, compared with a stock of $900 samples). Nevertheless, they were chosen to AFRICA reference density/fibres.mm represent the schemes and we have no reason to believe that they are other than a typical selection of samples. Therefore, the results are indicative of the relative counting level in these three schemes. The geometric overall mean ratios between the national reference values and the mean counts made in this special exchange were all remarkably close to 1, with values ranging from 0.94 to 1.01. This implies that the national reference values for these three national schemes are very consistent, with the difference in average levels being only $5%. This is a remarkably small average difference, being much less than the systematic bias between some of the laboratories participating in this special exchange. Since the reference values are consensus values for the counts within each scheme, the agreement in consensus values implies that the counting levels are broadly consistent between these three national schemes.
The UK scheme appears to have reference values that are, on average, slightly lower than those in the Belgian or Spanish schemes. The observed difference between national schemes, of $5%, is small compared to the width of the target range for acceptable counts in each of the national schemes; nevertheless, it may be sensible to take account of that information in any future revision of the target ranges being set for counts within each national PT scheme.
Sample origin
Sample origin did not appear to have much effect on the inter-laboratory differences in this exchange (in the analysis of deviance, the interaction between laboratory and sample origin was a minor term). Therefore, it appears that performance within these three national schemes is unlikely to be substantially affected by differences in their samples.
Inter-laboratory comparisons
The inter-laboratory differences were large enough to confirm the need for regular inter-laboratory comparisons in national proficiency testing schemes to maintain consistency between laboratories. Similarly, it implies that there is a need to continue to monitor comparability internationally.
Three of the participating laboratories already participate in regular international counting comparisons (in the AFRICA scheme), and those previous comparisons may have helped to produce the good comparability seen in the national reference values. We suggest that continuation of the international comparisons may help to maintain this comparability.
The present study was conducted within a period of a few months during 2002, and with slides that are only a small subset of the slides in the national schemes. Ongoing linkage between the schemes is needed to confirm the findings and to monitor the stability of the apparently good consistency in mean counting levels. The quality assurance for fibre counting would thus involve very regular internal QA, then frequent participation in a national PT scheme for every laboratory, and then participation by some key laboratories in international comparisons.
Fibre-counting method
The comparisons of counts produced by the WHO method and by the ERM method showed that the imminent change in rules will probably cause counts to increase by $20% on many samples in all three schemes. The extent of the change is expected to vary from sample to sample; larger changes are expected on samples with lots of particles, and no change on samples that have little or no particulate dust. So the results reflect the particulate loading on this representative set of samples from the schemes.
Because these samples originated from different sources (asbestos textile, asbestos cement manufacturing and asbestos removal), the results are also indicative of the order of difference to be expected in counts on samples from those types of dust cloud, and it is useful to see if the ratios obtained here are consistent with previous estimates. Iles (1989) reported on the ratio of counts obtained by two rules, where one rule was the current ERM and the other was essentially the new WHO rule. His data were based on separate counts by the two methods on a total of 200 samples, comprising 50 samples from asbestos textile manufacturing; 50 samples from asbestos friction product manufacturing; 50 samples from asbestos cement manufacturing; and 50 'low density' samples from asbestos clearance type samples. He found that the use of separate counts (i.e. ERM and WHO counts produced on different fields of view) caused approximately half of the variation in estimates of the ratio of one count to the other, as seen by comparing repeat ERM counts by the analyst. This is the main reason why (in Table 6 ) the standard deviations obtained in this study are consistently smaller than those reported by Iles (1989) . It is also possible that there may have been more variation in the particulate content on the samples used by Iles (1989) . The geometric mean ratios reported by Iles are generally higher than those found here; that may reflect a difference between the samples kept in the PT schemes and those obtained by Iles from these different types of source. The RICE scheme may have excluded some textile samples with excessive levels of particulate; the asbestos cement samples in the Spanish scheme were generated from a laboratory dust disperser; and the activities sampled in clearance/ removal work were not well defined in either case.
These combined results confirm that the change in method can make substantial differences to the level of counts on some samples. Clearly the magnitude of the difference will depend on the particulate content of the samples, and each laboratory or analyst's interpretation of the subjective rule (in the current ERM method) regarding fibres that appear to touch particles. Kenny et al. (1983) reported on an exercise to train analysts in changing from one counting method (an HSE in-house method) to the current ERM method (when it was first introduced). They found that microscopists' counting levels fluctuated over a period of months, and they suggested that this variation might be due to the effect of the ERM rule requiring a subjective decision as to whether fibres touched particles. If their explanation is correct, then a change to the new WHO rules from the ERM rules may be less prone to temporal fluctuation in the level of counts. Nevertheless, such temporal variation after changing to a new method is another reason in favour of using the special concurrent counting procedures applied by four laboratories in this study.
In the data from the present study, there was reasonably good agreement between the laboratories in the estimate of the percentage change in count due to the change in rules for most samples. However, one (out of the four laboratories) occasionally produced much higher estimates of the percentage change. That suggests that some (perhaps temporary) increases in inter-laboratory differences might arise during the change over from ERM to WHO counting rules in the Spanish and UK schemes. Other trials, with more laboratories, are underway in the UK to examine how variable the effect of the transition may be from laboratory to laboratory.
Harmonizing fibre-counting levels
Regulatory standards for controlling exposure to asbestos fibres are defined in terms of airborne fibre concentrations that are measured by the fibre-counting method. Considerable effort has been devoted to establishing European regulatory standards, but their application relies on consistency in the application of the measurement process, and for fibre counting that consistency relies on controlling inter-laboratory variation by quality assurance and proficiency testing. The present study indicates that average counting levels are, at present, consistent among these three European national PT schemes, so that would appear to be a positive base from which to build towards a wider European consistency.
Extension to establish equivalence
The current study focused on the comparability of national schemes' consensus reference values. However, we also noted the need to address the comparability of their target ranges (the range around the consensus target level that is deemed satisfactory) in a way that takes account of differences between national schemes in their maturity, size and level of reference values. Progress towards tighter limits becomes more feasible now that the consistency of the counting levels has been established (at least for the schemes participating in this study). Arroyo and Rojo (2001) recommended new limits that would produce an equal chance of counts falling outside the limits for each of these national schemes, and that implied tighter limits for the UK RICE scheme. Recently, the UK RICE scheme has started sub-dividing the list of laboratories published as satisfactory into two categories, where category 1 includes only those laboratories that meet limits that are closer to those recommended by Arroyo and Rojo. Since it is important to be able to compare fibrecounting measurements internationally, it is important to have consistency in the target levels being set by fibre-counting PT schemes. The consistency between the three schemes (in this study) would be a good platform for further comparisons to assess and develop comparability with other national PT Table 6 . Geometric mean ratio of WHO to ERM count as reported by Iles (1989) and this study, for asbestos textile, asbestos cement manufacturing and asbestos removal Iles (1989) schemes, perhaps as either special exercises such as this or within the process of regular international exchanges such as those in the AFRICA scheme. Extension is needed to find how comparable fibrecounting levels are across all of Europe, and wider. The AFRICA scheme includes one or two laboratories in 10 European countries, as well as laboratories in North and South America, Africa, India and the Far East. Participation provides members with information to assess their own comparability with other laboratories internationally. We recommend the advantages of developing an existing scheme for international comparisons. However, special exercises (such as in this study) may be needed to achieve the consistency across all of Europe. Then the regular international exchanges are needed to maintain consistency between countries and their national schemes.
Introduction
The 40 samples were counted initially by a single analyst at IOM, tallying fibres, ERM fields and extra WHO fibres, but examining only 30 fields on each sample. We call these counts on a reduced number of fields, 'screening counts'. Counting fewer than the normal 100 fields should theoretically make the counts subject to greater statistical variation. Therefore the ERM counts produced from these screening counts were compared with the subsequent normal ERM counts from the same laboratory to check whether the screening counts should be included with or without restriction in the main analysis.
Results
The screening counts (30-field counts) are compared with counts on the usual number of fields in Fig. A1 .1. For those samples where the screening counts and the subsequent full counts were by the Densities from the exchange/fibres.mm same analyst, there is remarkably little difference between the estimated densities. Where the subsequent count was by another analyst, the differences are still acceptably small compared with the variation expected and acceptable between repeat counts. Where the density estimate exceeds 380 fibres mm À2 , a count of 100 fibres would be reached in 30 fields and so the 'full counts' and 'screening counts' would examine the same number of fields on samples with this or higher density. The geometric mean ratio of screening count to full count was 1.09 over 40 samples.
Conclusions
The consistency between the 'screening counts' by one analyst and subsequent full counts either by the same analyst or other analysts is sufficiently good that the 'screening count' data can be included without restriction in the main analysis.
APPENDIX 2
The data for the graphs plotted in this appendix for the Belgian samples comprised: all WHO counts from the exchange; and all WHO counts, but giving equal weight to laboratories (by averaging over multiple counts from the same laboratory, so that each laboratory contributed one value to the geometric mean).
